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Abstract 




PROBLEM TO BE SOLVED: To form a current constricting structure very accurately and easily by allowing a part of a semiconductor 
laminating body to be an electrification region in disorder. 

SOLUTION: As a current constricting structure, a stripe-like disorder region 18a is formed at the central part of an element with high- 
resistance regions 15 on both sides. During the formation, trenches 30 are firstly provided on both sides of the disorder region 18a. An AlAs 
layer is selectively oxidized from the end surface exposed on the inner wall surface of the trench 30, to form the high-resistance region 15. 
Here, the oxidation of the AlAs layer proceeds toward the disorder region 18a from the inner wall surface of the trench 30, however, th 
disorder region 18a comprising an intermediate composition is difficult to be oxidized, blocking the selective oxidation. Since the disorder region 
18a is not oxidized, an electrification region is formed with the width for good reproducibility. Thus, the current constricting structure is formed 
very accurately and easily. 
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[0042] *©«a«raa-r s t . g a a s s« i © 

_klC, nlGaAl As^7^Kg2 > MQW*j|(DS 
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[0 0 6 7] «K8U¥fb«(« 18b iC*3V>-C««t>6S 

112 1 «r»«tti£»j*L-C. «8U¥fcfg*£l 8b-» 
20 [0 0 6 8] — *3feKJBI8i£*IV*T't>, WSSLfci 

[0 0 6 9] * 1 sm<nf&3<o9m<r>wmz.'o\i*x 
MQ W«i££«#c/¥{t LTJ£ 

[0 0 7 0] filT, **ffi?g)iiro^^^{c-o^-C, 

[0 0 7 1] 0 514, *3SW©«3<OHlfi©Jg|g^*>*» 
so 5^^^iR^©^S58Sjt^&*^i-Mai!E^0-efc5o 
[0 0 7 2] **»»*»i*SV^Tt±, *"f. 0 5 (a) 
l£*Lfc«fc5K, nilnPSfiSlOlC, MQW« 

pSl nP??y K8 5 4 , p+|InGaAs=^ 
* I-J15 5 5r^gi-5. 

[0 0 7 3] j^ti, h«5 5<0±IC, IslJfJfca 

S i 02"^^^ 6 OSr^-TS. ^ffiJWtt, 
Stft 1 3 0 0 nm<D&ft^rlC*l-LTI4iK)4 0O nmT*fc 
40 9, l 5 5 0 nm^Jr*fLTI4iK)4 8 0 nmtfc5, 0 
5fJJc**s 1 ftOEI*r*?-«>JIJRl*. rtif>©^-Cfc!) 

[0 0 7 4] 0CtC, 0 5 (b) (C*Lfci S i O 

2^Xt 6 Oiffl^t. (Zn) Srittt-ri. fc5 

VS4, ^UUfA (Be) ^4:-r^->-igEALrr--/u 

$4xfc^*E«Jj4, iBSC i o t gfti 5 3 ©MQW«i| 
Zm&mtV. O^r^fifei-^o 

so ot, s i oz-**t ^itmoms zvJs&z 
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[00 7 5] Stt^ 5 3i«»Wt 

ffi«8 o tcom^^mttht. &VMDt\ I^Sb 

(gain/loss) lOAMiSi LTCD 
fltf#*S"£ (gain coupling) M©D F B U— If A^§<biv 
So @5(C*SV^T»i^lJbfciS, 3^;?^ hJf 5 

5 <a±ffifcl±p nIInPSfi5 1 

[00 7 6]K±iftKLfcJ:5i:, i*t 
[0 0 7 7] £7t, ***0g*U;:*JV*T*>, ffi^LfcJ; 

5©t', Hl5lc*L7t-v^^ 6 0^^-^^Ste-f 

So 

[0078] *&w<7>%4 <D^m<omm^^x 

^Sr*i-S^^^JclS-t-SfcroT-*>5o WT. Kit 

[0 0 7 9] 12 6&lfl2l7li, ^KEltJKIBiC****^** 

[0 0 8 0]**««tl:fcV^t, Si*, 0 6 (a) 
f^Lfci:?^ nIInP!S5 lOll:, MQWf 

MQWajr^gS«ifi5 2, pi I n P ? 7 y KS 5 4 , p 
+IInGaAs3^ni55, InP^S— g5 

6 £j&gl-s„ 

[0 0 8 1] |e|Jf^6 0£ I nP/~-i56 

Ul**>tfT«< (IlalOOnrntll) Mfig-f-S^-il^ 
*>3. ffioT, 7JDI<7>^£»£;^k[5]^&&;$S2#: 

[0 0 8 2] 06 (b) iZHLtzXoiZ, m$T# 

f60^Lt, (Zn) fcSl^l4> 

-<yjJ?A (Be) ^5r^ t>ttALT7=-/Ht'{) 

aiwioffiiiMi*7o*s»rii$n5. *A$*tfc^M«i 

**K«5 2 0MQWfl|J6S:lHHff*-T-©*S{cj6i: 



74 

«^«*LT¥«&»*iijat*i-5Stwwk«i*8 o*s 

(§1#t&^-6 0#fc¥£*tS. 
[0 0 8 3] #Afr0iJ(O»3-t> N a*f*OMl±fc* t> A 

[0 0 8 4] ^{C, 0 7 (a) {CSLfci?^ ft_kJi 
io (Ol 6£&& (HC 1) ttb'izX^xm 

m.tt)\zifc£-rz>. Tzt¥m.t£='>s? hss stmti 

■5. 

[0 0 8 5] 117 (b) icSLfcotSK. = 

* hS5 5 V Kg 5 4£* h9-r7°^JwX-?^— = 

* h7^/5 Znllzm^+i^vUWfetcJ&tiL 
U I n PS«<DSffi^ia*L/£Vn{l!l«S5r)KfifeL 
■C, tizi:*>. 5 yS?W*» (R 

idge Waveguide: RWG) S!^*** W— " if *-?^3*J« 
2" i~S» 

[0 0 8 6] *3U£^fSJc*j^Tt>. 

[00 8 7] *3Mfc»»£i3v*-C<fe. W^Lfci 

[0 0 8 8] JfcK, *^^CD^5W*iS<75^ffi(COVNT 

bfc^^^tcH-rso 

[0 0 8 9] E1T. li^SroftffMfSrtiLoo, * 
^H-CfcSo 

[0 0 9 0] **lfi»«^*JV^-Ct, *1\ I^H (a) 
CSLfci^lC, nil nPS«5 1©1|C, MQWi 
a*>fe*5JS&tt« (#S«it) 5 3SrfiK5-t-5o «»* 
T, MQW^fiKfll3g2SrfigSi-5. r©MQWSi 
40 Ji. K^-r y^SttJlS 3 £ 9 tTCtV^ 

i^MiSil, «*tf, InAlAs/<P7iiIn 
G a A s P V=.A,m t 5r5S£lcaS Ufc#Jt t1r% Z t 
^T-^So 

[0091] z<d'&\*. m&vtimffiMi»tmm\z x P 

SlnP^77Kl54, p+H nG a A s =J>?? 

[0 0 9 2] jfcic, leJ»T»:^2^roiDi^^^*r^u 
^^->Sr*-t-SS i 02^*? 6 0S:^i-5o - 
©■7^^60t, 7JDXffi*<7)^i6^<4 2&«Jiroilffl^ 
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[0 0 9 3] ifcl::, 128 (b) »C^Ufc«t5t-, 
^?6 0«rffl^T, Xtt (Zn) *>5V* 
14, (Be) m<K>;Fmy>)ZJ*^&ALXT 

i£14Ji©MQW«36 5 3*»#Wfc«3y*fl:-*-$. 

[0 0 9 41 m&mkffit&8 od*jv>T»4. 

ft^W 1 I n A 1 As^yjI^Lt^rWi 
laj&co I n A 1 G a A s P frtbttZ 5 Tcfiiftl-^W U 

[0 0 9 5] &ift#ft«*£8 Ofrtbmtltt*\-m<r> 

Wmt>bm$i'&m 52tOInAlA s Jf £*|£^#ffl 

ft^-er=-/uL-cilfl:**, ai or/ws^A) cd 

■ML*fc*ft;StfTl^<. r<75^tSrtTP7t*»cll x m 

v\, roSHk(4, *«fl5{b«*8 o-effjti-s. :H 
t, «Bn^liI*f1*^3i5®fi)c$tLfe«iftWktS«8 0 

[0 0 9 6] rcomJ-, hg5 5CD±{ClH^L 

[0 0 9 7] *3«fc»»j:i3V^T't>» Sj&ftlS£g5 
[0 0 9 8] £?>K, ***»|g»C*JV^Ttt, JitfifcLfc 
3. 3gg<!:;*:t^<£>K*fU &YtRf41. 5g$ 
[0 0 9 9] ifc, ***Jg||tC*iV*-CW:, &<fc#l*£l4 

[0 100] *3atfl?«HC*I^^Tt>, s9^L7t4 

0 8lw&Lfc-r;** 6 0«v<* — 
[0 10 1] *»::. **W©*6«>5«6«>JBMUcoi^T 



75 

Km**. *%tt)£tttt, »«iBfc»L-CW4ia*r» 

[0 10 2] KIT. «i*feOA(|:«lr#lUoo, * 
UltJKlliO^illCffSH^I-oiNTRW-fS. 0 9 0 1 
0<4, *KE*»l»^*»!0»S J MW** : FO«»KJftxa«r 

[0 10 3] **JSf^lC*5^Tt. 09 (a) IC^L 
fc4 5K, nSil nPlKS l±fc, MQW«J&0»P>& 

«3g52, P IInP#?yKl54, p+ilnGa 
As^y^^hiSS, I nPy? — H 5 6 SrfifeS"t" 

QW*5g£, InAlAs^y7iiInGaAsP|) 

[0 10 4] I n 6tO±(Cl x 2 & 

<D®$Tft+ 6 0 $:J&5fc-r5. 

[0 10 5] &tc. 0 9 (b) K^Lfci?!^ IS*ftft 
20 ^-6 0OJb*»e>ffi» (Zn) SrttKk-t-5. *>5VMi, << 
y y (Be) ^OTftfe^'l'^>'£ALt7=-^ 

SSB5 2(C*LT > $P>lCittTi-5ggSi:-r5o wtf>4 
3 LTtt***7 OtfJ&jfcSftS. »A$Hfc^F*6ifel 
Ht. «H«| 6 2 OMQWfUtjHWbtS. 
g^<klS«*8 0t-t-5 o rixdioT, «SEKB52 
KI4 I nPy?-i5 6*B<01h]*t^6 O^te^SiX 

[0106] 010 ( a ) |£* Lfc 4 0 It, S_L 

30 |«>InPy$-|S6«:tti (HC1) 4^tiot 

ns„ jfct, 010 (b) fc^Lfcipjc, =jv^j7 

[0107] 52©5 *>-CH«cfl£{fc«rft 

jxfcMQWflliSO I n A 1 A s '< D TgS-fiDS^fj-r^ 

2bSr»*t5. 5 2 cDlnl^ffe^ 

i4, ai (r^5-^A) v&itvi&trrs&itmms 
5i5«C!ics. Jifc. w^-e, inAiAs^uriw 

8^^i-5^l- s jg&8SJi5 2 tWI*t!> yJ?S 8IC 

[0 108] SffbJ-iO^CfcKfbSSr^oK^ 

Si (air gap) a«XB9r«hF^i~« r t a«-Ct 5. 
[0 10 9] -<D'm^. !)yv?5 8 0ll:BfU^p 
so fiBSffiSr^U. »«5 l<OS3i»C0^L/iV^nffl]Sffi 
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*tjbj«lt, $ x.-^&ft-m-rtiti. vyim&n (ri 

dgeWaveguide : RWG) S^iStt^D F B W— *F^^7&S 

[0110] ***««lC*Jlr^Tt, SfiJcftSitS w t 
ft < "C tds-c* 5„ 

[0 111] *3Wfc»ttfc*JV*Ti4, 

5 2 <o-u *m&#i\z.mk+z> ricio, mft&i-<D 

[0 112] *l*16#«fc*JV*Tfc, HtFj*Lfc4 

[0 113] SJLk, *ff«Sr#SaUoo*«W»||lt<D 

&mf&-rZWftb LTIi, I nGaAl P/GaAs 

GaAlAs/GaAsI, InGaAs/InG 
aP/GaAs^, *»W©±»fciMiLfcVM«*H* 
*»*5*f*H6r«V^fc»d-aCo^Ttiai«icafflU-Ciai* 

[0 114] *8U*fl; J $««ttfls«:'£C£tf5M 
QWiilll, 2«S<OB££SK«S£*fcfc<OK:PK3fc 

[01 15] S-fc, iNW*:*^ «)«3ftt LTI4. D F B 
U— !f<Dftfi,(Ct.DBR (Distributed Bragg Reflecto 
r : ftMzfvyyRtom U— tr*^ 0*f^ig-&M (G 
ratingCoupler) U— ifft i*ro=g-Stf> W— If |;ot *T t 

[0 116] ««*WK6iCo^Tfc» *jg#iff^tf>* 
Ifl-KPj-f, VCSEL^LED (S^ty-r:*-— K) ft 
fc5VM4^aHIK*^ftifro**^^iCov>-CtPl« 

[0 117] £?>K, *389U4, T^IC 

[0 118] **WfcJ:*Ui» b 

^ttftwfflwmss-cfcsajrft^otea^t, fitia*> 

*o^77-f-/? (holographic) ft^tifffl/^^ — XCRg 
[0 1 19] 



75 

[0 12 0] *1\ #$8^lC4;fXl4\ MQW«igro-SB 
Sr#i«Wfc;i-5 r £ (C4 o TSS 0 ]EflM.o 

[0 12 1] *3§9?(;:4ftl4, «jftii*8Bift5 
t\ *JBJf*®<DASWft*SEK«3t'b*a-C#€). w 

[0 12 2] #5g93lc4ftlf, H{k«««>ft*»»c 

h«W*8WPfb^««rH:Jt5r irfcit), MQW 

[0 12 3] ^^iciixfi, mSo-^^^Sr^ 

S4rSSC£ft<, S«EK;ttLTSaftlH]lffte^-fc* 
[0 12 4] &<b\c. *&mz±tilt. ro49(CLT 

[0 12 5] ^f,!^ *^^{c4tu(4> il^W(Ci^ti- 
5 r £ K 4 o TmS(E*^«it i: @Jff*-7-»*i SrPl^lc 

[0 12 6] W±lft^Lfc4p»c x *^W»c44xl4. 
ttte©*** if ft if <7>^«{fci^£ 3ESt lofl id 

Iiaffi(OfB!*ftiftW] 

[Si] *^B^<D^lW*lfero^^75^6^*{*:*^ 
[02] !f«Kift*«fe*:*i- 
[0 3] *5IWrolS2ro||J6(0^ie(c*>*>5^*{*:*^- 
[04] *23)l*»lB«>^»fH^— !f«)K«mJtxa«r 

[05] *&w<nm3(DmM<Dtem\zfrA>z¥m#m i i L 

[06] ^^W«4HJS^«(CA^5*3»frW— f(D 

[0 7] **WoJR4 3ll6»»c*»A»5i|il»flcu— »f^> 
SS$SSi£XfIS:^i-*48l«;&0-efe 
[08] *^Wtf?^5*JS^ffilc^^-.5¥^*^-<oS 
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[B9] *^w<»%i$<nmmm\cfrfrz*mfrmi-<D 

[El 1 1 ] »G a A 1 A s /G a A s ^*&®3£)tM 

1 G a A s Sfi 

2 nSG a A 1 A s Z y y KB 

3 MQW«it<D&&B (W-Bi-5*tt»Jl«>^tf) 

4 plGaAlAs^77Ki 

5 plAlAsi 

6 plGa A 1 Asfyy KB 

7 plG a A s ^>Z? hS 
10 h^f^ 

1 5 (Kfctttt) 

16 A 1 A s WS 

17 G a A 1 A s *B 

18 1 7 + 1 6KJ;5MQW«ifi 

18a 1 8-OMQW«Jt^«ftfHfcSixfc«« 

[HI] 



(11) 

1 8 b *m©fcwMs*ftfc*#* 

2 0 nfiij«ffi 

2 1 p«3«Si 

5 1 In P£« 

5 2 InGaAsP*8l!l 

5 3 MQW«iitf>flH4B 

5 4 I n P 9 y y KB 

55 InGaAs^^ni 

56 InPy^-i 

io 5 8 J/ -yv^ir* by-ty 
60 -r^^ 

7 0 %L%Lh\^<te-(^-7ymm 

8 0 MQW*jt^«^fb*ftfc«tt 
10 1 G a A s 

10 2 niGaA 1 As^7?/Ki 

103 MQWflfigoettJl (f*^5*»»«fc-gf 
tr) 

104 pgGaAlAs^7^Ki 

10 5 pfA 1 A si 

20 10 6 p MG aAlAs^7^Kl 
107 pSGaAs^y^H 
110 ^Ir* Yyj-f 

1 1 5 mtm mtmm 
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[Ell 1] 

1C& i re s CA1: ?^. ) «> P-GaAs 
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MQW active 



„ '01 102 
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<AI:0.3) 

104 Oxicie^ p - A1As 
115 
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